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Abstract Although vestibular neuritis (VN) cortical
models are described in the literature, there is lack of
knowledge regarding the exclusive cerebellar involvement.
The aim of the present study was to analyze, by [18F]
fluorodeoxyglucose-positron emission tomography (FDG-
PET)/computer tomography, regional cerebellar FDG
uptake in eight right-handed VN patients (five females; three
males; mean age 48 ± 7 years) during the first few days
(PET0) and after 1 month (PET1) since symptoms onset. At
both phases, patients underwent otoneurological examina-
tion and filled in a battery of validated questionnaires.
Twenty-six cerebellar volumes of interest (VOI) were
identified by the automated anatomical labeling library and
normalized to thalamus FDG-PET uptake. Mean intensity
within VOIs was calculated in both phases and processed by
within-subjects ANOVA. A significantly lower (p \ 0.005)
FDG uptake distribution was found in bilateral lobules III,
VI and X and in vermis 1–2, 3, 6 and 10 at PET0 as com-
pared to PET1 and a significant higher FDG uptake distri-
bution was found in right crus I in the same comparison.
Significant (p \ 0.05) positive correlations were found
between Anxiety and Bucket test scores, and normalized
metabolism in right crus I (at PET0) and vermis 10 (at
PET1), respectively. A negative correlation was found at
PET0 between slow-phase velocity scores and normalized
metabolism in right lobule X. These data show relevant
changes in the pattern of cerebellar metabolism that might
unravel additional central aspects of early and late VN
associated to bilateral cortical responses to sensory conflict
during the acute VN-related controversial inflow.
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Introduction
Vestibular neuritis (VN) is a purely peripheral lesion of the
vestibular system constituting an ideal model of a partial
vestibular de-afferentation, useful for observing its effect on
cerebral cortex as well as on cerebellum and other subcor-
tical structures [1]. VN is defined as a sudden, usually partial,
unilateral failure of the peripheral vestibular organ without
hearing impairment and is one of the most common causes of
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vertigo. It tends to occur most frequently in 40- to 50-year old
individuals, affects both sexes and all ethnic groups and is
often associated with recent or concurrent upper respiratory
infections but its pathogenesis is unknown [2]. Characteristic
signs and symptoms of VN include sudden onset of severe
rotational vertigo associated with spontaneous nystagmus,
nausea, vomiting, emotional disturbances, postural insta-
bility and no other neurologic or cochlear symptoms and
findings [2–5], being this symptomatology very severe in the
first few days due to a sudden loss of environment landmarks
with a great emotional impact [1].
Previous [18F] fluorodeoxyglucose-positron emission
tomography (FDG-PET)/computer tomography (CT) stud-
ies during the acute phase of VN have shown relatively
higher regional cerebral glucose metabolism (rCGM) dis-
tribution in subcallosal, rectal, inferior frontal gyrus and
posterior insular cortex, as well as lower rCGM distribution
in precuneus, inferior parietal lobule, somatosensory and
visual cortices [1, 6–10]. We have recently expanded these
results by showing that individuals scanned by PET during
earlier phases of VN onset (48 h) have increased metabo-
lism in entorhinal and Brodmann area (BA) 38 in the
anterior-most part of the superior temporal gyrus [1]. While
some studies have focused on the cortical responses to early
phases of VN, very few investigations reported cerebellar
changes in metabolic activity during both early and late
phases of VN. However, cerebellum has an important role
in transforming vestibular inflow to sensorimotor com-
mands. For example, canal/otolith interactions take place in
brain stem and cerebellum immediately at the first synapse
[11]. Helmchen et al. [10] reported a structural change in the
cerebellum, besides other cortical regions, in individuals
suffering from VN. Specifically, VN patients showed an
increase in gray matter volume in posterior and anterior
lobes of the cerebellum. A study from zu Eulenburg et al.
[12] in VN patients 6 months after the acute phase reported
in the posterior semilunar lobe of the cerebellum a negative
correlation between white matter decrease and performance
in dynamic subjective visual vertical (SVV).
Therefore, given the nature of this pathology and the puta-
tive involvement of the cerebellum, the aim of the present
study was: (1) to assess the cerebellar metabolic changes in the
acute phase of VN (48 h) and after 1 month, using a FDG-
PET/CT approach and (2) to depict possible correlations
between clinical parameters and cerebellar FDG uptake.
Subjects and methods
Ethics statement
The Ethics Committee of the Tor Vergata University
School of Medicine approved the protocol research. The
study adhered to the principles of the Declaration of Hel-
sinki, and all the participants provided written informed
consent after receiving a detailed explanation of the study.
Diagnosis
Thorough neurological and neuro-otological examinations
were performed, and VN was diagnosed according to the
generally accepted criteria: (1) sudden onset of vertigo and
neurovegetative symptoms; (2) static and dynamic ataxia;
(3) spontaneous, one-way and persistent nystagmus with
slow phase toward the affected ear detected by means of
binocular electrooculography analysis; absence of (4)
cochlear and (5) associated neurological symptoms or signs
[1, 2, 13]. T2-weighted and/or diffusion-weighted magnetic
resonance imaging (MRI) sequences of the brainstem were
acquired with a 1.5 T clinical MRI scanner to exclude the
possibility that pseudoneuritis affected the vestibular
nucleus or vestibular afferents within the brainstem.
Patients and PET/CT examination
Eight right-handed patients (five females; three males;
mean age 48 ± 7 years) presenting with the first and sole
episode of right-sided VN (the same group as in reference
[1]) underwent a FDG-PET/CT brain scan using 3D-mode
standard technique during the acute phase of VN
(48 ± 6 h). After the first brain FDG-PET/CT scan
(PET0), all patients underwent a second FDG-PET/CT
scan 1 month (±2 days) later (PET1).
Patients with diabetes, neurological and psychiatric
disorders, history of oncologic disease, HIV, epilepsy and
surgery, radiation or trauma to the brain were excluded
from the study. All subjects were negative for cochlear or
central nervous system disorders. Except for the antiemetic
drug ondansetron, given intravenously at a dosage of 8 mg/
die for the first 3 days from the onset of acute symptoms,
patients were not taking any medications. Moreover, we
excluded from our study all the patients in treatment with
drugs that could interfere with 18F-FDG uptake and dis-
tribution in the brain [14]. No patients were pregnant or
breastfeeding.
PET scanning
The PET/CT system discovery ST16 (GE Medical Systems,
TN, USA) was used for the whole population in exam. This
system combines a high-speed ultra 16-detector-row (912
detectors per row) CT unit and a PET scanner with 10,080
bismuth germanate (BGO) crystals in 24 rings with a
128 9 128 matrix. Crystal size 6.2 9 6.2 9 30 mm, coin-
cidence window 11.7 nsec, system sensitivity 9.3 cps/kBq in
3D mode, dispersion fraction 44 %, maximum count rate in
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cps at 50 % dead time 63 kcps @ 12 kBq/mL (3-D), axial
FWHM 1 cm radius 5.2 mm in 3D mode, axial FOV 157 mm.
All patients fasted for at least 5 h before F18-FDG i.v.
injection; serum glucose level was normal in all of them.
Patients were injected with 3 MBq/Kg (210–350 MBq) of
18F-FDG i.v. and hydrated (500 mL of i.v. saline sodium
chloride (NaCl) 0.9 %) to reduce pooling of the radiotracer
in the kidneys while laying down in a noiseless and semi-
darkened room with their eyes open and without any arti-
ficial stimulation.
Neuro-otological tests and Validated
Questionnaires (VQ)
Binocular electrooculography analysis, caloric testing and
SVV analysis were collected at PET0 and PET1. As
regards caloric testing, asymmetry was calculated by the
formula of Jongkees from the slow-phase velocity and,
according to Honrubia [15], vestibular paresis was defined
as more than 25 % asymmetry between the right-sided and
the left-sided responses. For SVV analysis the binocular
Bucket Test, according to Zwergal et al. [16], was used.
Moreover, patients’ subjective responses to the follow-
ing questionnaires were collected at PET0 and PET1:
1. A standardized questionnaire of balance symptoms
(balance) that includes nine items to report each of the
balance symptoms, with no/yes answers. A ‘‘no’’
response is scored 0 points and a ‘‘yes’’ response is
scored 1 point except for vertigo, which is scored 2
points; frequent falls are considered when occurring at
least once per month and frequent stumbles when
occurring at least once per week. The total score is
calculated by adding-up all the points (range 0–10).
The authors suggested that a score higher than 3 points
could be related to balance disorders [17];
2. The Zung instrument for anxiety disorders (anxiety), a
20-item scale with some of the items keyed positively
and some negatively on a four-point scale ranging from
1 = none or a little of the time to 4 = most or all of
the time. The final score ranges from 20–80, a score
between 20 and 44 is considered in the normality
range, 45–59 reflects mild to moderate anxiety, 60–74
severe and 75–80 very severe anxiety [18];
3. The 28-item depersonalization/derealization inventory
(DD) by Cox and Swinson [19], which is a tool
designed to assess symptoms of depersonalization/
derealization in clinically anxiety states, more than in a
dissociative disorders context. Severity of each item is
coded on a scale where 0 = does not occur, 1 = mild,
2 = moderate, 3 = severe and 4 = very severe. The
total score is calculated by adding all points (range
0–112). Higher scores are related to higher frequency
and/or severity of DD symptoms. No cut-off score has
been suggested.
Statistical analysis
Differences were analyzed by segmenting cerebellar sub-
regions and comparing 18F-FDG uptake between PET0 and
PET1. Anatomical automatic labeling (AAL) structural
VOIs were downloaded from the MarsBaR project down-
load page (http://sourceforge.net/projects/marsbar/) and
converted from MarsBaR to nifti format by an in-house
modified version of the MarsBaR function mars_roi-
s2img.m. The dataset to be analyzed was obtained by an in-
house created Matlab-based script that automatically pro-
cessed mean FDG uptake signal intensities within VOIs and
stored them into a matrix in which all values were intra-
individually normalized to those of the reference VOI [20].
All these calculations were performed by the script in a
single step allowing a substantial spare of time and ren-
dering friendly and simple the whole process. The mean
FDG uptake values in each of the 26 cerebellar/vermis VOIs
(bilateral lobule III, IV-V, VI, VIIb, VIII, IX and X, bilat-
eral crus I and crus II and vermis 1–2, 3, 4–5, 6, 7, 8, 9 and
10) were computed at both PET0 and PET1 in the cere-
bellar/vermis VOIs included in AAL [21] as defined by the
subroutine of Schmahmann et al. [22]. Data for each VOI
were normalized to the uptake mean of thalami. The choice
of thalami as normalizing factor was based on the findings
of a previous study in which this region with high gray
matter density was not found to be affected by VN. Statis-
tical differences were calculated by means of a within-
subjects ANOVA. Age and sex were treated as continuous
and categorical predictors, respectively. Bonferroni method
was used to test post hoc of significant main effects. Sig-
nificant cut-off level (a) was set at a p value of 0.01.
Moreover, means, standard deviations (SDs) and direct
t test comparisons between the VQ and neuro-otological
tests (slow-phase velocity—SPV–Bucket Test and caloric
testing) recorded at PET0 and PET1 were calculated and a
significant cut-off level (a) was set at a p value of 0.01.
Finally, Spearman’s rank correlation was performed
between significant values of cerebellar VOIs mean
intensity, VQ and neuro-otological scores (STATISTICA 7
package for Windows).
Results
Neuro-otological tests and VQ
All the patients showed unilateral vestibular paresis when
studied using caloric testing at PET0 (mean side
1978 J Neurol (2014) 261:1976–1985
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asymmetry = 75.25 %). Direct t test comparison between
neuro-otological tests and VQ scores at PET0 and PET 1
showed a significant (p \ 0.01) decrease of SPV, Bucket
test, Caloric testing, Balance, Anxiety and D/D scores
(details in Fig. 1).
PET/TC data
A relative hypometabolism (p \ 0.005) was found at PET0
in bilateral lobule III, VI and X and in vermis 1–2, 3, 6 and
10 when compared to PET1. Conversely, a relative
hypermetabolism in right crus I was found in the same
comparison (Table 1; Fig. 2).
Correlation analysis
Significant positive correlations were found at PET0
between Anxiety test scores and metabolism in right crus I
and between Bucket test and metabolism at PET1 in vermis
10 (r = 0.90, p \ 0.05 and r = 0.61, p \ 0.05, respec-
tively). Finally, a negative correlation was found at PET0
between SPV scores and metabolism in right lobule X
(r = -0.60, p \ 0.05) (Fig. 3).
Discussion
In the present study, we investigated functional imaging
as well as clinical data to disclose the modulation of
metabolic responses of the cerebellum during the early
(48 h from onset) and late (1 month) VN phase and to
better understand the cortical-cerebellar loops involved in
the pathophysiology of the VN. To this end, the first
interesting finding is the dichotomic metabolic behavior
found in bilateral lobule III, VI, X and vermis 1–2, 3, 6,
10 with respect to right crus I. In fact, a relative hypo-
metabolism was found at PET0 as compared to PET1 in
the former structures, whereas a relative hypermetabolism
in right crus I was highlighted in the opposite compari-
son. Taken together with previous results regarding the
changes at the cortical level in the same phases of VN
[1] these findings might offer a deeper understanding of
the cerebellar-cortical responses to VN early onset
phases.
In line with the cerebellar nomenclature of Schmahmann
[22, 23], spatially unbiased atlas template [24, 25], recent
Fig. 1 Subjects’ scores in otoneurological and validated questionnaire tests at PET0 and PET1. DD depersonalization/derealization inventory,
SPV slow-phase velocity, SD standard deviation
Table 1 PET0 and PET1 details of the FDG uptake (means and
standard deviations) in each significant (p \ 0.005) VOI normalized
to the uptake mean of thalami
Cerebellar
VOIs
PET0 normalized
uptake (means and SDs)
PET1 normalized
uptake (means and SDs)
Right lobule III 0.74 ± 0.06 0.89 ± 0.15
Left lobule III 0.82 ± 0.06 0.91 ± 0.15
Right lobule VI 0.88 ± 0.05 1.07 ± 0.05
Left lobule VI 0.92 ± 0.05 1.05 ± 0.07
Right lobule X 0.55 ± 0.03 0.70 ± 0.32
Left lobule X 0.60 ± 0.04 0.73 ± 0.26
Right crus I 0.98 ± 0.08 0.87 ± 0.05
Vermis 1–2 0.86 ± 0.06 0.98 ± 0.21
Vermis 3 0.79 ± 0.07 0.91 ± 0.20
Vermis 6 0.98 ± 0.06 1.07 ± 0.22
Vermis 10 0.80 ± 0.07 0.93 ± 0.21
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activation likelihood estimation (ALE) meta-analysis [26]
and fMRI topography [27], the cerebellum is considered as
functionally dichotomized. Thus, the anterior lobe (lobules
I–VI) and lobule VIII are considered to be predominantly
involved in sensorimotor processing, whilst lobule VII
(including crus I and II and lobule VIIb) would contribute
to higher-level processes [28–30]. Although lobule IX is
considered to be essential for visual guidance of movement
[28], functional MRI data indicate that it might contribute
to the default mode network [31]. Finally, lobule X has
long been thought to be the substrate of the vestibulo-
cerebellum [28].
Cerebellar hypometabolism as counterpart of sensory-
motor modalities during the early phase of VN
The first interesting finding in the present study is the
relative hypometabolism found in the early phase of VN in
anterior cerebellar lobe, including vermis 1–2, 3 and 6, and
bilateral lobule III and VI (Table 1; Fig. 2). This is con-
sistent with findings of cortical rCGM decrease in bilateral
sensory-motor and parietal cortices, suggesting the relative
rCGM decrease in the anterior cerebellar lobe to be asso-
ciated to such hypometabolism [1].
These functional connections are also supported by
resting-state functional networking studies showing that
activity in sensorimotor regions correlates with the con-
tralateral anterior cerebellar lobe (I–VI) and lobule VIII
[32] whereas activity in prefrontal, posterior parietal, and
superior and middle temporal association areas, as well as
in the cingulate gyrus and retrosplenial cortex, correlates
with activity in cerebellar lobules VI and VII (Including
crus I and II) [33, 34].
Furthermore, the above-mentioned sensory-motor corti-
cal metabolism decreases during the first hours after VN
onset has been interpreted [1, 7] as an effort to reduce pos-
sible sensory conflicts induced by nystagmic movement and
‘‘false’’ primary vestibular signal which may be at the neural
base of the increase in D/D, Balance and Anxiety scores [1].
Moreover, due to the contralateral connections between
the cerebral cortex and cerebellar hemispheres, a cerebellar
involvement in different cerebro-cerebellar loops was
previously highlighted [27].
The relative hypometabolism, found at PET0 as com-
pared to PET1 in the anterior cerebellar lobe, might support
a form of bottom-up regulation of sensory conflict during a
controversial inflow between optical and vestibular input,
as it happens during the early phases of VN. Such behavior
could be interpreted as a realignment of the relationship
between sensory inputs [35] such as those coming from
optical [36], proprioceptive [37, 38] and vestibular [11]
organs and cerebellum [39]. Thus, the complex spikes
carried to cerebellar cortex by olivary climbing fibers [40]
could convey an error signal arising from the mismatch
between mentioned sensory inflow, similar to the mecha-
nism proposed for motor adaptation [41].
Visuo-vestibular insight into cerebellum during early
and late phases of VN
A second important finding is the relative hypometabolism
found at PET0 in vermis 10 and bilateral lobule X as
Fig. 2 3D rendering shown in
yellow and red color; the VOIs
in which FDG uptake was
significantly lower and higher,
respectively, at PET0 (n = 8) as
compared to PET1 (n = 8). On
the top the ventral; on the
bottom the dorsal cerebellar
surface. Details of the FDG
uptake in each VOIs are
presented in Table 1
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compared to PET1 (Table 1; Fig. 2). These modulations
were further found to correlate with patients’ scores in
psychological tests where a positive correlation between
the metabolism detected at PET1 in vermis 10 and Bucket
scores and a negative correlation between the metabolism
in right lobule 10 and SPV scores at PET0 were found
(Fig. 3).
According to the physiological and anatomical organi-
zation of the cerebellum and to diagrams of comparative
nomenclature [22, 42], vermis 10 (nodulus) and lobule X
(flocculus) belong to different functional subcortical-cere-
bellar networks [43].
The nodulus and the ventral uvula are dominated by
inputs from the ipsilateral vestibulo-cerebellar mossy fiber
conveying afferents from semicircular canal and sacculus,
respectively [44]. In particular, simple spike responses of
Purkinje cells in the uvula and nodulus of the monkey
demonstrated to constitute a homogeneous population-
encoding inertial motion that derives an estimate of head
attitude [45, 46].
In this respect, Barmack [47] emphasized the role of the
nodulus and the ventral uvula in postural orientation in
space and in participating in higher-order functions
allowing the central vestibular system to adapt to repeated
patterns of sensory stimulation and establish flexible sen-
sory hierarchies in rapidly changing spatial environments
[44].
On the other hand, the floccular lobe showed to be part
of a loop that is superimposed to the basic pathways
mediating the vestibular-ocular reflex (VOR) [44]. In fact,
Fig. 3 Unfolded view of the cerebellar cortex showing lobules (by
numbers and designed by the prefix ‘H’, according to Larsell’s
classification) and correlation analysis between significant values of
cerebellar VOIs mean intensity and otoneurological and Validated
Questionnaires scores. On the top-right, the positive correlation
between Anxiety Test scores and the mean intensity of right crus I at
PET0; on the bottom-left, the positive correlation between Bucket
Test scores and the mean intensity of vermis 10 at PET1; on the
bottom-right, the negative correlation between slow-phase velocity
scores and the mean intensity of right lobule X at PET0 (illustration
modified by artwork of L. Mandolesi in Manni and Petrosini [32])
J Neurol (2014) 261:1976–1985 1981
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the floccular lobe receives mossy fibers mainly from
sources carrying vestibular, visual and eye movement
information and when global movements generate retinal
slip signals these can serve as an error signal in long-term
adaptation of the VOR [44]. Further, electrophysiological
recordings from neurons in the floccular lobe and vestib-
ular nuclei indicate that both regions are highly plastic and
have multiple potential mechanisms that may underlie
adaptation of the VOR [48–50]. Thus, changes of simple
spike activities of Purkinje cells in the floccular lobe during
this adaptation may represent changes not only in head
velocity sensitivity, but also in eye velocity sensitivity [51,
52].
Finally, floccular lobe lesional studies demonstrated that
the flocculus may be part of a self-motion detection system
used to organize appropriate VOR adjustments within a
fixed spatial Ref. [53].
According to these evidences, the relative hypometab-
olism found in nodulus and in flocculus at PET0 as com-
pared to PET1 demonstrates to be an intriguing finding and
suggests a primary adaptative behavior of these regions in
response to abrupt conflicting inputs conveyed by retinal
slip and vestibular loss in the early phase of VN. Moreover,
the significant positive correlation between metabolism
found in nodulus in PET1 and the Bucket test scores is in
accordance with the accepted functions for nodulus and
with the explicited idea of a possible cerebellar contribu-
tion to sensory recalibration that occurs during the adaptive
process [54, 55]. In fact, the present data reinforce the
hypothesis of an involvement of the nodulus in higher-
order functions and suggest its possible role in postural
adaptation after the phasic loss of the vestibular sensory
modality underpinning the phases of residual dizziness
after the acute phase of VN [56]. Furthermore, the negative
correlation found between metabolism in the right lobule
10 and SPV scores highlights the specific pivotal role of the
flocculus in modulating and controlling nystagmus
parameters, such as SPV, and in adapting VOR by medi-
ating the functional interaction between vestibular inputs
and eye movement network [43, 44]
Cerebellar cognitive contribution in the early phase
of VN
It is a common clinical observation that during the early
phase of vertigo onset, patients experience some discom-
forts as panic, fear of death and absence of mental land-
marks [3, 4].
In a previous study [1] performed at the same VN phases
in the same subjects it was possible to find a relative rCGM
increase in fronto-insular and temporo-polar cortices. In
particular, the relative metabolic increase reported in the
contrasts between PET0 and both PET1 in patients and
control group subjects suggested this pattern to be a
peculiar feature of the early phase of VN, which disap-
peared within 1 month as the acute symptoms faded away.
These findings were suggested to represent the cortical
correlate of the emotional component related to the vertigo
symptom. Moreover, this interpretation was further sup-
ported by the change in patients’ anxiety and D/D scores at
VN onset and 1 month later.
In the present study, it was possible to find for the first
time a significant rCGM increase when comparing PET0 to
PET1 in right crus I and a significant positive correlation
between the metabolism found in this structure at VN onset
and Anxiety score (Table 1; Figs. 2, 3). In previous studies,
the fronto-insular and prefrontal clusters were postulated to
be preferentially linked with lobules VI-crus I [31, 57].
According to a recent study [58], fronto-insular cortices
(BA 47/12) as well as the dorsal anterior cingulate (BA
24/32)—areas encompassed together in the salience net-
work (SN)—are connected with subcortical limbic struc-
tures and resulted to be involved in detecting, integrating
and filtering relevant interoceptive, autonomic and emo-
tional information [58]. Moreover, Dimitrova et al. [59]
demonstrated the role of the hemisphere of crus I in pain-
related processes such as grimacing, fear and startle reac-
tions. Lastly, according also to Stoodley and Schmahmann
[26] findings in cerebellar activation—especially in crus I
during emotional processes—this area was supposed to
contribute in estimating the valence of salient, emotional
cues and selecting appropriate behavioral responses.
These data, along with our Anxiety/rCGM correlation
findings in crus I, might add information regarding the
functions of this region during the acute phase of unilateral
vestibular loss and in subserving cortical emotional pro-
cessing affecting the early stages of VN. However, in
recent studies [60] it was demonstrated that the right cer-
ebellar crus I was highly connected to cerebral network
comprising left inferior frontal gyrus, superior temporal
gyrus and temporal pole. Nevertheless, in our previous
study [1] it was possible to highlight a relative hyperme-
tabolism in right superior temporal and inferior frontal
gyrus.
Although the understanding of the cerebellar-cortical
misalignment (i.e., the lack of the physiological cross-
communication between cerebellar and cerebral hemi-
spheres) is beyond the purpose of the present study, a
possible explanation for the ipsilateral relative hyperme-
tabolism in the cerebellum and cortical regions might be
the adaptative cortico-cerebellar behavior associated to the
right unilateral vestibular failure. More specifically, the
failure to find a crossed pattern of rCGM distribution
increases during the symptomatic phase between cerebellar
(in the present results), and cortical regions in Alessandrini
et al. [1] might reflect an altered neural response associated
1982 J Neurol (2014) 261:1976–1985
123
to the pathological condition. This would help interpret the
correlation between crus I relative hypermetabolism at
PET0 and Anxiety scores at the same time after VN onset.
Similarly to what is assumed for correlating intrinsic
activities at rest (resting-state activity, see for example Fox
and Raichle [61]) between distant neural regions which
may show dissociated activities during the execution of
specific cognitive tasks, the violation of the expected
crossing between cerebral and cerebellar activity might
represent the neural underpinning of VN.
An alternative interpretation might be that the relative
rCGM increase found at the cortical level in the right
hemisphere in previous studies [1] is not correlated to the
one found in the same cerebellar hemisphere and that the
two activations are associated to different processes.
Indeed, increased activity between the contralateral cere-
bral and cerebellar hemisphere during task execution in
healthy individuals might reflect the need to transfer
activity from right cerebellar hemisphere to left lateralized
regions of the cortex. Conversely, activity in the right
hemisphere of both cerebral cortex and cerebellum might
represent activity related to different processing of the
altered peripheral inflow during early stages of VN onset.
Limitations
Although the results of the present study are in line with
previous the literature, a possible limitation of the study is
the small sample size increasing the likelihood of Type II
statistical errors and reducing the statistical power of the
analyses. However, vestibular patients, due to the very
severe symptomatology, often refused or delayed PET
examination due to the discomfort to lie still in the gantry,
which, together with the relative high costs of the PET/CT
methodology, makes the recruitment of an inadequate
number of subjects to be investigated a common limitation
in functional neuroimaging studies.
Conclusion
The present study showed for the first time a modulation of
the cerebellar metabolic activity during an early phase of
VN onset. This approach demonstrated a significant rela-
tive metabolic decrease in the anterior cerebellar lobe and
in the vestibulo-cerebellum as well as an increase of the
metabolic activity in crus I during the acute phase of VN.
These data, combined together with those of previous VN
studies and clinical, cognitive and neuro-otological
parameters, expand current knowledge on the modulation
of the activity of cortico-subcortical networks during VN
early and late stages.
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